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httpcense.Abstract Two protected experiments were designed to study the effect of organic fertilizer, soil
solarization, and endomycorrhizae on yield and fruit quality of sweet pepper. A split–split plot
design was used with four replicates for each treatment. The organic fertilizer treatments were ran-
domly distributed among the main plots, soil solarization treatments arranged among the sub plots,
while mycorrhizal treatments were allocated as sub–sub plots.
The combined interaction of organic fertilizer, soil solarization, and endomycorrhizae gave the
highest increase roots infection percentages when compared to other treatments, being 78% and
87% in the ﬁrst and second seasons in respective order. Organic fertilizer, soil solarization and
mycorrhizal inoculation, either separately or in different interactions resulted in signiﬁcant increases
in pepper’s early yield, total yield, total number of fruits per plot, and fruit length and diameter. The
combined interaction between organic fertilizer, soil solarization, and VAM gave the highest signif-
icant increase in early and total yields (kg/plot) and total number of fruits/plot being 9.251 and
75.645 kg/plot and 529.3 fruits/plot, respectively.
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Pepper, Capsicum sp. is a member of the Solanaceous family
and commonly divided into two groups, pungent and non-
pungent, which also called hot and sweet pepper. Sweet pepper
includes different cultivars and the most commonly used ones,
in greenhouse production, are hybrids that have bell-shaped
(Capsicum annum L.).
Worldwide, there is an increasing interest to use organic
manures as a trail to compensate the decrease in soil fertility.aculty of Agriculture, Ain Shams University.
7.011
132 M.S. Zayed et al.The need to reduce costs of fertilizing crops has revived the use
of organic fertilizers (Delate and Camberdella, 2004; Farhad
et al., 2009).
Organic fertilizers are essential for the proper development
of plants, vegetables, ﬂowers and fruits, as they offer rapid
growth with superior quality to all species. They have the
nutrients necessary for better development. In addition, the or-
ganic matter serves as nutrients and energy sources for soil
microorganisms (Silva et al., 2012). The suitability and useful-
ness of organic fertilizers has been attributed to high availabil-
ity of NPK content (Waddington, 1998), which capable to
enhance soil fertility (Thomas, 1997). They also act as a sub-
strate for soil microorganisms which lead to increase microbial
activity, whereof increasing the rat of organic material decom-
posing and releasing nutrient for plant uptake. They improve
the physical properties of the soil as well (Nasef et al., 2004;
Palada et al., 2004; Khalid and Shafei, 2005).
Bhata and Shukla (1982) reported that organic fertilizer
(farm yard manure) resulted in signiﬁcant increase in soil car-
bon, nitrogen, pH, cation exchange capacity, and exchange-
able Ca, Mg, and K which invariably enhance crop yield and
productivity.
Soil solarization is a technique used by covering soil with
clear polyethylene sheets, during summermonths, to trap the so-
lar radiation to heat soil (Horouwitz et al., 1983; Abdallah,
1991). The improvement of plant growth, using solarized soil
technique, was reported by Abdallah (2000) and Soil solariza-
tion also provides excellent control of soil-borne pathogens with
resultant increase in growth, yield, and quality of pepper and
other crop plants (Kurt and Emir, 2004; Cimen et al., 2010).
Vesicular arbuscular mycorrhizal fungi (VAM) are wide-
spread group of soil fungi that can enhance yield of several
agricultural crops (Thanuja, 2002; Durgapal et al., 2002; Smith
and Read, 1997). They are important in ecological agriculture
because of the beneﬁts they provide to the majority of cultivars
and the conservation of the environment by acting as biofertil-
izers, biological protectors, and biological control agents
(Azco´n-Aguilar et al., 2002). VAM has distinguishing impor-
tance due to improving soil structure (Miller and Jastrow,
2000) and great capability to increase plant growth and yield
of pepper under different conditions (Smith and Read, 1997;
Thanuja, 2002; Durgapal et al., 2002). This increments was re-
ported due to various mechanisms such as increased nutrients
uptake especially P content, which has special effect on physi-
ological parameters in plants (Paradi et al., 2003; Turk et al.,
2006; Mehrvarz et al., 2008; Soleimanzadeh, 2010), water
exploitation (Varma and Schuepp, 1996; Auge´, 2001), and pro-
duction of plant growth promoting substances (Lambais,
2000). The increments in cytokines could elevate photosyn-
thetic rates by regulating chlorophyll levels (Allen et al.,
1980; Allen et al., 1982). VAM also increased the absorptive
area of roots by the formation of an extensive extraradical
hyphae network that enhances the efﬁciency of water and
nutrients absorption. VAM enable the plants to cope with
both biotic and abiotic stresses (Garmendia et al., 2004).
Several investigators indicated that there is a beneﬁcial ef-
fect of VAM fungi on nutrient uptake and plant growth espe-
cially in solarized soils (Menge, 1983; Powell, 1984). Studies
have indicated that inoculation of pepper with VAM signiﬁ-
cantly increased plant growth and yield compared to un-inoc-
ulated control (Thanuja, 2002; Durgapal et al., 2002; Demir,
2004; Garmendia et al., 2004; Turkmen et al., 2005).This investigation was designed to determine the effect of
organic fertilizer, soil solarization, and vesicular arbuscular
mycorrhizae (VAM) on pepper yield and quality of fruits.
Materials and methods
This work was carried out during two successive seasons of
2008/2009 and 2009/2010, at the greenhouse of Experimental
Farm of Protected Cultivation, El-Bousaily site, Rosetta city,
Al-Behaira Governorate, Egypt, belonging to Central Labora-
tory of Agricultural Climate (CLAC). The experiment was
conducted in plastic greenhouse with an area of 9 m2 · 70 m2
and height of 3.30 m.
Experimental design
The split–split plot design was used in this study with four rep-
licates for each treatment, where the organic fertilizer treat-
ments were randomly distributed among the main plots; soil
solarization treatments were randomly arranged among the
sub plots, while mycorrhizal treatments were carried out with
sub–sub plots.
The greenhouse soil was cleaned, ploughed, leveled, and di-
vided into plots (1 · 8) meters bed. Each season experiment in-
cluded eight treatments.
Soil analysis
Soil samples were collected from two sites of each plot, mixed,
and passed through a 2 mm sieve in order to give uniform sam-
ple. Samples were analyzed at the standard soil-testing labora-
tory of Central Laboratory of Agricultural Climate (CLAC).
The chemical analysis was carried out according to the proce-
dures outlined by Richards (1954), while mechanical and phys-
ical analysis was carried out according to Jackson (1958). The
chemical, mechanical, and physical properties of the collected
soils are given in Table 1.
Chemical analysis of irrigation water
Irrigation water was analyzed at the standard soil-testing lab-
oratory of Central Laboratory of Agricultural Climate
(CLAC) according to Landon (1984). The chemical analyses
of the irrigation water are presented in Table 2.
Plant material
Seeds of sweet pepper (Capsicum annum L. cv. Reda F1 hy-
brid) were sown on mid-June at each of the seasons 2008
and 2009. Pepper seedlings were transplanted to experimental
area using after being developed.
Organic fertilizer
Organic fertilizer (chicken manure, obtained from privet farm)
was applied at the rate of 2.5 m3. Chemical analyses of chicken
manure were carried out at the standard soil-testing laboratory
of Central Laboratory of Agricultural Climate (CLAC)
according to the procedures outlined by Richards (1954).
The chemical analyses are presented in Table 3.
The recommended inorganic chemical fertilizers were added
to all the treatments (plots) through drip Irrigation (g/m3 water/
greenhouse), every week during the two seasons, as follows:
Table 1 Physiochemical analysis of the soil.
EC (ds m1) pH Ca++ (Meq/1) Mg++ (Meq/1) Na+ (Meq/1) K+ (Meq/1) HCO3 (Meq/1) Cl
 (Meq/1)
Chemical analysis
3.00 7.89 13.00 10.00 14.26 1.66 2.50 12.60
Mechanical and physical properties
Sand% Silt% Clay% Texture FC% PWP% Bulk density (g/cm3)
95.31 0.36 4.30 Sandy 16.77 5.65 1.44
Table 2 Chemical analyses of irrigation water.
pH EC (ds m1) Soluble ions (meq/l)
Cations Anions SAR
Ca++ Na+ Mg++ K+ CO3 HCO

3 Cl

7.8 0.51 3.0 1.85 2.0 0.19 Nil 1.3 1.0 1.17
Table 3 Chemical composition of chicken manure.
N P K Ca Mg
Macro elements (%)
3.52 0.86 1.83 0.45 0.51
Micro elements (ppm)
Fe Mn Zn Cu
1050 240 230 60.4
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3 phos-
phoric acid (H3PO4) 85%, 300 g/m
3 potassium sulfate (K2SO4)
48%, 50 g/m3 magnesium sulfate (MgSO4), and 150 g/m
3 cal-
cium nitrate [Ca(NO3)2].
Soil solarization
Soil solarization was carried out on mid-June for both seasons.
Strips of 50 lm thickness polyethylene plastic were placed on
16 plots out of the 32 plots of all treatments. The Maine plots
were allocated for organic fertilizers, while soil solarization
treatments were randomly distributed in the sub plots.
Mycorrhizal inoculants
Vesicular arbuscular mycorrhizal spores (VAM) were origi-
nally extracted from soil around roots of maize, grown in
the Experimental ﬁeld of Fac. Agric., Ain Shams Univ., Sho-
bra El-Kheima, Cairo, Egypt, using the wet sieving and
decanting technique as described by Gerdemann and Nicolson
(1963). Five milliliters from mycorrhizal spore suspension,
containing about 50 spores/1 ml, was used as standard inocula.
Yield measurements
Pepper fruits were harvested 16 times from mid-October to the
end of May along the growing season.
Early yield
The weight of ﬁrst six harvests from the ﬁrst harvest (mid-
October up to mid-December) in each season was indexed as
early yield (kg/plot).Total yield
Total yield (kg/plot) in each plot was estimated and then the
total fruit weights per plot were calculated, from the ﬁrst har-
vest until the end of May.
Number of fruits
The number of fruits per plot was recorded for each harvest,
and the total harvest collections were then calculated as num-
ber of fruits/plot.
Physical properties of fruit
Fruit length (cm) and fruit diameter (cm), representing the
physical properties of pepper fruit, were recorded at each har-
vest in the two growing seasons.
Root infection percentage with VAM
The percentage of root infection with VAM was estimated
according to Phillips and Hayman (1970).
Statistical analysis
Data were subjected to statistical analysis according to Snede-
cor and Cochran (1980). Least signiﬁcant difference test
‘‘LSD’’ at 5% level of probability was used to compare means
of the treatments for both seasons.Results and discussion
Percentage of mycorrhizal colonization as affected by different
treatments
Data recorded in Table 4 showed that percentage of mycorrhi-
zal colonization was affected by different treatments. In gen-
eral, mycorrhizae were not dominant in the tested soil and
infection percentage came from inoculation of the soil with
VAM. These results are in agreement with those reported by
Table 4 Effect of interaction between VA-mycorrhiza, soil solarization, and organic fertilizer on percentage of pepper roots infected
with VAM.
Treatments VAM% in 1st season VAM% in 2nd season
With VAM With organic fertilizer Solarized soil 78 87
Non-solarized soil 62 72
Without organic fertilizer Solarized soil 73 81
Non-solarized soil 48 65
Without VAM With organic fertilizer Solarized soil 0 0
Non-solarized soil 0 0
Without organic fertilizer Solarized soil 0 0
Non-solarized soil 0 0
Table 5 Effect of organic fertilizer, soil solarization, and VA-mycorrhizae and their interactions on early and total yield of pepper
(kg/plot) and fruits number/plot (combine analysis of two seasons).
Organic fertilizer Soil solarization Early yield kg/plot Total yield kg/plot Fruits number/plot
+VAM VAM Mean +VAM VAM Mean +VAM VAM Mean
With organic Solarized 9.251 1.504 5.378 75.645 48.774 62.210 529.30 391.50 460.375
Non-solarized 7.969 1.212 4.590 67.403 40.895 54.149 501.80 355.00 428.375
Mean 8.610 1.358 4.984 71.524 44.834 58.179 515.500 373.250 444.375
Without organic Solarized 0.718 6.033 3.376 41.730 57.138 49.434 335.40 398.60 367.000
Non-solarized 0.653 4.013 2.333 32.061 47.421 39.741 305.40 380.00 342.688
Mean 0.686 5.023 2.854 36.895 52.280 44.587 320.375 389.313 354.844
# Solarized 4.985 3.769 4.377 58.687 52.956 55.822 432.313 395.063 413.688
Non-solarized 4.311 2.612 3.462 49.732 44.158 46.945 403.563 367.500 385.531
Mean 4.648 3.190 54.210 48.557 417.938 381.281
LSD 5%
Organic fertilizer 0.064 0.451 3.150
Soil solarization 0.094 0.324 3.224
VAM 0.046 0.506 4.281
Organic fertilizer \ soil solarization 0.133 0.458 4.560
Organic fertilizer \ VAM 0.065 0.715 6.054
Soil solarization \ VAM NS NS NS
Organic fertilizer \ Soil solarization \ VAM 0.092 NS 8.561
NS = Not Signiﬁcant (p< 0.05).
# = The mean of interaction between solarization and VAM treatments.
134 M.S. Zayed et al.Al-Momani et al. (1988), who stated that covering the soil with
a clear plastic sheet resulted in complete elimination of end-
omycorrhizal fungi at 10 and 20 cm soil depths. Results also
showed that the combined interaction of organic fertilizer, soil
solarization, and endomycorrhizal treatment gave the highest
increase in the root infection percentages compared to other
treatments, being 78% and 87% in both seasons in respective
order. Pepper treated with soil solarization without organic
fertilizers came in the second order, and it gave 73% and
81% in both seasons, respectively. These ﬁndings are in line
with those reported by Gosling et al. (2006), Ngakou et al.
(2006) and Cimen et al. (2010).
Effect of organic fertilizer, soil solarization, and VA-mycorrhiza
on early and total yield and fruit number of pepper
The effects of the tested factors can be categorized as follows:
single effect of one factor, combined effect of all the possible
interaction between the two factors, and combined effect of
the three factors together.Data recorded in Table 5 showed that addition of organic
fertilizer signiﬁcantly increased pepper early yield, total yield
(kg/plot), and total number of fruits per plot, being 4.984,
58.179, and 444.375, respectively. These ﬁndings are in line
with those recorded by Kurt and Emir (2004) and Islam
et al. (2011).
Soil solarization gave signiﬁcant increase in early yield, to-
tal yield of fruit (kg/plot), and number of fruit/plot being 4.377
and 55.822 kg/plot and 413.688 fruits/plot, respectively com-
pared with non-solarized soil. Similar results have been ob-
tained by Yao et al. (2002), Ngakou et al. (2006), Candido
et al. (2008) and Cimen et al. (2009).
VAM gave signiﬁcant increase in early yield and total yield
of fruit (kg/plot) and number of fruits/plot which gave 4.648
and 54.210 kg/plot and 417.938 fruits number/plot, respec-
tively, compared to un-inoculated pepper. Similar results were
reported by Cimen et al. (2009).
Regarding the effect of the combined interactions between
organic fertilizer and soil solarization treatments, results
showed signiﬁcant differences in early yield and total yield of
Table 6 Effect of organic fertilizer, soil solarization, and VA-mycorrhizae and their interactions on fruit length (cm) and fruit
diameter (cm) of pepper during harvesting (combine analysis of two seasons).
Organic fertilizer Soil solarization Fruit length (cm) Fruit diameter (cm)
+VAM VAM Mean +VAM VAM Mean
With organic Solarized 11.43 7.73 9.58 7.80 5.53 6.66
Non-solarized 10.15 7.20 8.68 6.85 5.17 6.01
Mean 10.79 7.46 9.13 7.32 5.35 6.34
Without organic Solarized 6.87 8.55 7.71 5.00 6.02 5.51
Non-solarized 6.49 7.98 7.23 4.66 5.69 5.17
Mean 6.68 8.26 7.47 4.83 5.85 5.34
# Solarized 9.15 8.14 8.64 6.40 5.77 6.09
Non-solarized 8.32 7.59 7.96 5.75 5.43 5.59
Mean 8.74 7.86 6.08 5.60
LSD 5%
Organic fertilizer 0.121 0.143
Solarization 0.063 0.080
VAM 0.064 0.086
Organic fertilizer \ solarization 0.088 0.113
Organic fertilizer \ VAM 0.090 0.121
Solarization \ VAM NS NS
Organic fertilizer \ solarization \ VAM 0.128 0.172
NS = Not Signiﬁcant (p< 0.05).
# = The mean of interaction between solarization and VAM treatments.
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vated in solarized soil supplemented with organic fertilizer
gave 5.378 and 62.210 kg/plot and 460.375 fruits/plot respec-
tively, followed by pepper cultivated in soil supplemented with
organic fertilizer without soil solarization, which gave 4.590
and 54.149 kg/plot and 428.375 fruits/plot respectively. These
results are in agreement with those of Ozores-Hampton et al.
(2005). However, the effect of combined interactions between
organic fertilizer and VAM treatments showed that under
these conditions, pepper gave 8.61 and 71.524 kg/plot early
yield and total yield, respectively. In these treatments, the
number of fruits per plot reached 515.5 fruits/plot. The pepper
cultivated in soil neither supplied with organic fertilizer nor
VAM gave 5.023 and 52.280 kg/plot and 389.313 fruits/plot,
respectively. These results are in agreement with those of Gos-
ling et al. (2006).
From data recorded in Table 5, it is obvious that no signif-
icant effect was recorded due to combination between soil
solarization and VAM neither on early and total yield (kg/
plot) nor on number of fruits/plot. On the contrary, cited liter-
ature reported an increase in the yield of potato plant culti-
vated in solarized soil and treated with VAM. These ﬁndings
are in line with those recorded by Yao et al. (2002) and
Ngakou et al. (2006).
Data recorded in Table 5 also showed that combined inter-
action between organic fertilizer, soil solarization, and VAM
gave the highest signiﬁcant increase in early and total yield
(kg/plot) and total number of fruits/plot, being 9.251 and
75.645 kg/plot and 529.3 fruits/plot, respectively, followed by
pepper cultivated in soil supplemented with organic fertilizers
and VAM, which gave 7.969 and 67.403 kg/plot, respectively,
and 501.8 fruits/plot.
Gruenzweig et al. (1993) reported that the increased growth
response and yield quality due to soil solarization may be
related to number of physiological changes, as increasedphotosynthetic activity, consequently protein levels, acceler-
ated tissue development, and delayed senescence occurring in
the late developmental stages of plants grown in solarized soil.
Higher concentrations of gibberellins linearly related to leaf
dry weight and increase in tomato plants growth in solarized
soil were reported by Gruenzweig et al. (1993). Alteration of
normal plant hormonal balances was reported by Candido
et al. (2008) to be stimulated in heat-treated soil.Effect of organic fertilizer, soil solarization, and
VA-mycorrhizae and their interactions on fruit length (cm)
and fruit diameter (cm) of pepper during harvesting
In general, addition of organic fertilizer signiﬁcantly increased
fruit length and diameter, being 9.13 and 6.34 cm, respectively,
when compared to pepper cultivated in non-fertilized soil Ta-
ble 6. These results are consistent with the studies of Ouda and
Mahadeen (2008) and Adeleye et al. (2010).
Soil solarization signiﬁcantly increased fruit length and
diameter, being 8.64 and 6.09 cm, respectively, when compared
to pepper cultivated in non-solarized soil. Also, inoculation
with VAM increased both fruit length and diameter (8.74
and 6.08 cm) when compared with un-inoculated ones.
In the combined interactions between organic fertilizer and
soil solarization treatments, there were signiﬁcant differences
between treatments in fruit length and diameter (cm). The pep-
per cultivated in solarized soil and supplemented with organic
fertilizer showed higher signiﬁcant increment, followed by
non-solarized soil but supplemented with organic fertilizer,
being 9.58 and 6.66 cm instead of 8.68 and 6.01 cm in respec-
tive order. However, the interactions between organic fertilizer
and inoculation with VAM resulted in signiﬁcant differences
between treatments in fruit length and diameter (cm). The pep-
per cultivated in soil supplemented with organic fertilizer and
136 M.S. Zayed et al.VAM showed higher signiﬁcant increment being 10.79 and
7.32 cm, respectively, followed by pepper cultivated in soil nei-
ther supplied with organic fertilizer nor VAM which gave 8.26
and 5.85 cm, respectively. Similar results have been obtained
by Kumar and Sharma (2006).
It should be stated that the combined interaction between
soil solarization and VAM had no signiﬁcant effect on fruit
length and diameter (cm). However, the combined interaction
between organic fertilizers, solarized soil, and VAM inocula-
tion gave the highest quality of fruit length and diameter
(cm), being 11.43 and 7.80 cm, respectively, followed by pep-
per cultivated in non-solarized soil supplemented with organic
fertilizer and VAM which gave 10.15 and 6.85 cm, respectively.
References
Abdallah, M.M.F., 1991. Control of different weed species at different
soil depth with soil solarization. Egypt J. Agron., Spec. Issue, 81–88.
Abdallah, M.M.F., 2000. Improving vegetable transplants using soil
solarization. III. Tomato ‘‘Lycopersicon esculentum’’. Arab Univ. J.
Agric. Sci., Ain. Shams Univ., Cairo 8 (3), 719–733.
Adeleye, E.O., Ayeni, L.S., Ojeniyi, S.O., 2010. Effect of poultry
manure on soil physico-chemical properties, leaf nutrient contents
and yield of yam (Dioscorea rotundata) on alﬁsol in southwestern
Nigeria. J. Am. Sci. 6 (10), 871–878.
Allen Jr., M., Moore, T.S., Christensen, M., 1980. Phytohormone
changes in Bouteloua gracilis infected by vesicular-arbuscular
mycorrhizae: I. Cytokinin increases in the host plant. Can. J.
Bot. 58, 371–374.
Allen Jr., M., Moore, T.S., Christensen, M., 1982. Phytohormone
changes in Bouteloua gracilis infected by vesicular-arbuscular
mycorrhizae: II. Altered levels of gibberellin like substances and
abscisic acid in the host plant. Can. J. Bot. 60, 468–471.
Al-Momani, A., Abugarbiah, W., Saleh, H., 1988. The effect of soil
solarization on endomycorrhizal fungi (Glomus mosseae) and
Fusaruim fungi. Dirasat 15, 85–95.
Auge´, R.M., 2001. Water relations, drought and vesicular_arbuscular
mycorrhizal symbiosis. Mycorrhiza 11, 3–42.
Azco´n-Aguilar, C., Jaizme-Vega, M.C., Calvet, C., 2002. The contri-
bution of arbuscular mycorrhizal fungi to the control of soil-borne
plant pathogens. In: Gianinazzi, S., Schuepp, H., Barea, J.M.,
Haselwandter, K. (Eds.), Mycorrhizal Technology in Agriculture.
Birkha¨user, Switzerland, pp. 187–197.
Bhata, K.S., Shukla, K.K., 1982. Effect of continuous application of
fertilizers and manure on some physical properties of eroded
alluvial soil. J. Ind. Soc. Soil 30, 32–36.
Candido, V., Addabbo, T.D., Basile, M., Castronuovo, D., Miccolis, V.,
2008. Greenhouse soil solarization: effect on weeds, nematodes and
yield of tomato and melon. Agron. Sustain. Dev. J. 28, 221–230.
Cimen, I., Pirinc, V., Sagır, A., Akpinar, C., Guzel, S., 2009. Effects of
solarization and vesicular arbuscular mycorrhizal fungi (VAM) on
phytopthora blight (Phytophthora capsici leonian) and yield in
pepper. Afr. J. Biotechnol. 8 (19), 4884–4894.
Cimen, I., Turgay, B., Pirinc¸, V., 2010. Effect of solarization and
vesicular arbuscular mychorrizal on weed density and yield of
lettuce (Lactuca sativa L.) in autumn season. Afr. J. Biotechnol. 9
(24), 3520–3526.
Delate, K., Camberdella, C.A., 2004. Agro-ecosystem performance
during transition to certiﬁed organic grain production. Agron. J. 96
(5), 1288–1298.
Demir, S., 2004. Inﬂuence of arbuscular mycorrhiza on some physi-
ological growth parameters of pepper. Turk. J. Biol. 28, 85–90.
Durgapal, A., Pandey, A., Palni, L.S., 2002. The use of rhizosphere
soil for improved establishment of conifers at nursery stage for
application in plantation programmers. J. Sustain. Forest 15 (3),
57–73.Farhad, W., Saleem, M.F., Cheema, M.A., Hammad, H.M., 2009.
Effect of poultry manure levels on the productivity of spring maize
(Zea mays L.). Anim. Plant Sci. J. 19 (3), 122–125.
Garmendia, I., Goicoechea, N., Aguireolea, J., 2004. Effectiveness of
three Glomus species in protecting pepper (Capsicum annuum L.)
against verticillium wilt. Biol. Control 31, 296–305.
Gerdemann, J.W., Nicolson, T.H., 1963. Spores of mycorrhizal
endogone species extracted from soil by wet-sieving decanting.
Trans. Brit. Mycol. Soc. 46, 235–244.
Gosling, P., Hodge, A., Goodlass, G., Bending, G.D., 2006. Arbus-
cular mycorrhizal fungi and organic farming. Agric. Ecosyst.
Environ. 113, 17–35.
Gruenzweig, J.M., Rabinowitch, H.D., Katan, J., 1993. Physiological
and developmental aspects of increased plant growth in solarized
soils. Ann. Appl. Biol. 122, 579–591.
Horouwitz, M., Reger, Y., Herzlingar, G., 1983. Solarization for weed
control. J. Weed Sci. 31, 170–179.
Islam, M.M., Karim, A.J.M.S., Jahiruddin, M., Majid, Nik M., Miah,
M.G., Mustaque Ahmed, M., Hakim, M.A., 2011. Effects of
organic manure and chemical fertilizers on crops in the radish-stem
amaranth-Indian spinach cropping pattern in homestead area.
Aust. J. Crop. Sci. 5 (11), 1370–1378.
Jackson, M.L., 1958. Soil Chemical Analysis. Prentice-Hall, Inc.,
Englewood Cliffs, NJ, 498pp.
Khalid, K.H.A., Shafei, A.M., 2005. Productivity of dill (Anethum
graveolensL.) as inﬂuenced by different organic manure rates and
sources. Arab Univ. J. Agric. Sci., Ain. Shams Univ., Cairo 13 (3),
901–913.
Kumar, Satesh, Sharma, S.K., 2006. Effect of different methods of
biofertilizer application in tomato seed production. Seed. Res. 34
(1), 15–19.
Kurt, K., Emir, B., 2004. Effect of soil solarization, chicken litter and
viscera on populations of soil borne fungal pathogens and pepper
growth. Plant Pathol. J. 3 (2), 118–124.
Lambais, M.R., 2000. Regulation of plant defence-related genes in
arbuscular mycoorhizae. In: Podila, G.K., Douds, D.D. (Eds.),
Current Advances in Mycorrhizae Research. APS Press, Minne-
sota, USA, pp. 45–49, ISBN: 0-89054-245-71.
Landon, J.R., 1984. Tropical Soil Manual Booker. Agriculture
International Limited, UK, p. 631.
Mehrvarz, S., Chaichi, M.R., Alikhani, H.A., 2008. Effects of
phosphate solubilizing microorganisms and phosphorus chemical
fertilizer on yield and yield components of barley (Hordeum vulgare
L.). J. Agric. Environ. Sci. 3 (6), 822–828.
Menge, J.A., 1983. Utilization of vesicular-arbuscular mycorrhizal
fungi in agriculture. Can. J. Bot. 61, 1015–1024.
Miller, R.M., Jastrow, J.D., 2000. Mycorrhizal fungi inﬂuence soil
structure. In: Kapulnik, Y., Douds, D.D. (Eds.), Arbuscular
Mycorrhizas: Physiology and Function. Kluwer Academic, Dordr-
echt, pp. 3–18.
Nasef, M.A., Khalil, A.A., Ghazal, F.M., El-Emam, 2004. The
residual effect of organic manures with or without bio-fertilizer
applied to wheat grown on sandy, calcareous and clay soils on
growth and NPK uptake of rocket plants. Egypt J. Agric. Res. 82
(2), 235–246.
Ngakou, A., Megueni, C., Nwaga, D., Mabong, M.R., Djamba, F.E.,
Gandebe, M., 2006. Solanum tuberosum (L.) responses to soil
solarization and arbuscular mycorrhizal fungi inoculation under
ﬁeld conditions: growth, yield, health status of plants and tubers.
Middle-East J. Sci. Res. 1 (1), 23–30.
Ouda, B.A., Mahadeen, A.Y., 2008. Effect of fertilizers on growth,
yield, yield components, quality and certain nutrient contents in
Broccoli (Brassica oleracea). Int. J. Agric. Biol. 10 (6), 627–632.
Ozores-Hampton, M., Stansly, P.A., McSorley, R., Obreza, T.A.,
2005. Effects of long-term organic amendments and soil solariza-
tion on pepper and watermelon growth, yield, and soil fertility.
HortScience 40 (1), 80–84.
Productivity of pepper crop (Capsicum annuum L.) as affected by organic fertilizer, soil solarization 137Palada, M.C., Davis, A.M., Crossman, S.M.A., Rables, C., Chiches-
ter, E.A., 2004. Sustainable crop management practices for
improving production of culinary herbs in the virgin island. Acta
Hort. 629, 289–298.
Paradi, I., Bratek, Z., La`ng, F., 2003. Inﬂuence of arbuscular
mycorrhiza and phosphorus supply on polymine content, growth
and photosynthesis of Plantago lanceolata. Biol. Plant. 46, 563–569.
Phillips, J.M., Hayman, D.S., 1970. Improved procedures for clearing
roots and staining parasitic and vesicular-arbuscular mycorrhizal
fungi for rapid assessment of infection. Trans. Brit. Mycol. Soc. 55,
158–161.
Powell, C.L., 1984. Field inoculation with VA mycorrhizal fungi. In:
Powell, C.L., Bagyaraj, D.J. (Eds.), Mycorrhiza. CRC Press, Inc.,
Boca Raton, FL, pp. 205–222.
Richards, L.A., 1954. Diagnosis and improvement of saline and
alkaline soils. Agric., USA. Handbook, No 60. p. 160.
Silva, T.R.B., Bortoluzzi, T., Silva, C.A.T., Arieira, C.R., 2012. A
comparison of poultry litter applied like organic fertilizer and that
applied like chemical fertilizer in corn development. Afr. J. Agric.
Res. 7 (2), 194–197.
Smith, S.E., Read, D.J., 1997. Vesicular-arbuscular mycorrhizas. In:
Smith, S.E., Read, D.J. (Eds.), Mycorrhizae. Academic Press,
London, pp. 9–61.
Snedecor, G.W., Cochran, W.G., 1980. Statistical Methods, seventh
ed. Iowa State University Press, Ames, IA, pp. 507.Soleimanzadeh, H., 2010. Effect of VA-mycorrhiza on growth and
yield of sunﬂower (Helianthus annuus L.) at different phosphorus
levels. World Acad. Sci. Eng. Technol. 71, 414–417.
Thanuja, T.V., 2002. Induction of rooting and root growth in black
pepper cuttings (Piper nigrum L.) with the inoculation of arbuscular
mycorrhizae. J. Sci. Hort. 92 (3-4), 339–346.
Thomas, G.A., 1997. Toxicity identiﬁcation of poultry litter aqueous
leachate. Soil Fert. 8 (61), 251–252.
Turk, M.A., Assaf, T.A., Hameed, K.M., Al-Tawaha, A.M., 2006.
Signiﬁcance of mycorrhizae. World J. Agric. Sci. 2 (18), 1620.
Turkmen, O., Demir, S., Sensoy, S., Dursun, A., 2005. Effects of
arbuscular mycorrhizal fungi and humic acid on the seedling
development and nutrient content of pepper grown under saline
soil conditions. J. Biol. Sci. 5 (5), 568–574.
Varma, A., Schuepp, H., 1996. Inﬂuence of mycorrhization on the
growth of micropropagated plants. In: Mukerji, K.G. (Ed.),
Concepts in Mycorrhizal Research. Kluwer, Netherlands, pp.
113–132.
Waddington, S.R., 1998. Organic matter management: from science to
practice. Soil Fert. 3 (62), 24–25.
Yao, M.K., Tweddell, R.J., Desilets, H., 2002. Effect of two vesicular-
arbuscular mycorrhizal fungi on the growth of micropropagated
plantlets of potato and the extend of diseases caused by Rhizoctonia
solani. Mycorrhiza 12, 235–242.
